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Pesticides and their major degradation products as potential contaminants
of groundwater
Abstract
As Iowa evolved toward grain-intensive agriculture during the past several decades, the use of herbicides and
insecticides for weed and insect control increased dramatically. In recent years, however, evidence has
accumulated that suggests these widely used agrichemicals may be negatively affecting the environment,
especially water resources.
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Pesticides and their major degradation products as 
potential contaminants of groundwater 
Terms and their abbreviations: 
deethylatrazine DEA 
deethylhydroxyatrazine DEHYA 
deisopropylatrazine DIA 
deisopropylhydroxyatrazlne DIHYA 
dldealkylatrazine DAA 
hydroxyatrazine HYA 
ratio of DEA to atrazine DAR 
Background and goals 
As Iowa evolved toward grain-intensive agri­
culture during the past several decades, the use 
of herbicides and insecticides for weed and 
insect control increased dramatically. In re­
cent years, however, evidence has accumu­
lated that suggests these widely used 
agrichemicals may be negatively affecting the 
environment, especially water resources. 
Although the fate of pesticides in the crop root 
zone has been well documented, the degrada­
tion pattern of pesticides, and the fate of their 
degradation products (the products of these 
chemical changes, also called metabolites), 
have not been studied in detail for the saturated 
zone and the subsurface layers of the unsatur­
ated zone below the crop rooting zone. In 
particular, the environmental fate of atrazine, 
historically Iowa's most commonly used her­
bicide, and its three major metabolites, DEA, 
DIA, and HYA, is an important consideration 
for Iowa agriculture and for the quality of 
water used by much of Iowa's rural popula­
tion. 
Most pesticides used in Iowa degrade over a 
period of months, but prior to this study, no 
information was available about the persis­
tence of their degradation products. These 
investigators sought to gather this much-needed 
information about the groundwater contami­
nation potential of atrazine degradation prod­
ucts by conducting experiments on the persis­
tence of the three major metabolites of atrazine 
in soil and groundwater. They also reasoned 
that to the extent a wide variety of microbes 
and soil properties influence the fate of pesti­
cides, movement and persistence patterns of 
these chemicals can be expected to differ in a 
predictable fashion. 
Thus, this research pursued four objectives: 
1.	 to study the effect of soil depth and satu­
rated and unsaturated water conditions on 
the persistence and degradation of atra­
zine and DIA; 
2.	 to study the movement and degradation of 
atrazine in undisturbed soil columns; 
3.	 to study the fate of atrazine's major degra­
dation products in five Iowa soils; and 
4.	 to test tile-drain water for detection of 
atrazine and its degradates. 
Approach and findings 
Objective 1 approach: Investigators con­
ducted metabolism studies in the laboratory to 
determine how the fates of atrazine and DIA 
were affected by soil depth and water content. 
They also calculated the half-lives (the time it 
takes for the substance to decrease in concen­
tration by one-half). Soil samples were taken 
from a field at the ISU Agronomy and Agricul­
tural Engineering Center that had no previous 
history of pesticide use. These samples repre­
sented four depths: 0-30 cm (centimeters), 30 
to 65 cm, 65 to 90 cm, and 90 to 120 cm (120 
cm equals approximately 48 inches). 
After preparing soil samples, investigators 
conducted laboratory studies on two replicates 
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and randomly assigned incubation periods to 
subsamples from each depth. For the unsatur­
ated study, radioactively "labeled" atrazine 
and DIA were used as tracers. They were 
applied to all four soil depths at rates that 
reflected concentrations found in the field. In 
the saturated soil study, soil moisture in the 
samples was adjusted to 30% above its field 
capacity. This provided a uniform layer of 
water above the soil in the sampling jars, 
ensuring full saturation. Investigators also 
established an anaerobic (oxygen-deficient) 
atmosphere to mimic actual saturated condi­
tions in the field. After an incubation period, 
investigators extracted the soils and used thin-
layer chromatography to determine the distri­
bution of atrazine and its degradation prod­
ucts. 
Objective 1 findings: The major degradation 
products identified from the atrazine- and DIA-
treated soils were DEA and DAA, respec­
tively. Minor products detected included HYA, 
DEHYA, and DIHYA. In the unsaturated 
study, atrazine and DIA were least persistent 
in the 0-30 cm soil; their persistence increased 
with depth. The amount of atrazine remaining 
after 180 days ranged from 4% to 58% of that 
applied. The amount of DIA remaining after 
Fig. 1. Laboratory 
preparation of soil 
column to study 
movement and degrada­
tion of labeled atrazine. 
180 days, on the other hand, ranged from 2% 
to 48% of that applied. DIA was more suscep­
tible to conversion to carbon dioxide and water 
than atrazine, and the amount of mineraliza­
tion decreased with an increase in depth. Satu­
rated conditions had little effect on atrazine 
degradation; however, DIA was less persistent 
in saturated than in unsaturated soil. The 
increased degradability of DIA compared to 
atrazine, and the decreased persistence of DIA 
under saturated soil conditions, provide a logi­
cal explanation for its relatively low concen­
trations in groundwater as compared to atra­
zine. 
Objective 2 approach: In this part of the 
study, investigators studied the movement and 
degradation of atrazine in undisturbed soil 
columns 15 cm wide by 60 cm tall (see Fig. 1). 
These columns were also taken from a field 
with no previous history of pesticide use. 
Workers dug a circular trench to leave an 
undisturbed pedestal of soil, then placed a 
furnace pipe in the center of the pedestal and a 
metal plate over the top of the pipe to gently 
press the pipe into the top few centimeters of 
soil. Before the pipes were pushed further into 
the soil, the pedestal was shaved cylindrically 
to fit the furnace pipe in 15-cm increments. 
Care was taken to avoid compaction. When a 
60-cm depth was reached, the pedestal was 
cut, the column was inverted, trimmed even 
with the end of the pipe, and then secured and 
sealed to prevent water loss. 
Following preparation in the laboratory, the 
soil columns were slowly saturated with water 
to avoid trapping of any air. They were then 
allowed to drain to field capacity before being 
treated with atrazine. A commercial atrazine 
product was mixed with the labeled atrazine to 
produce a given concentration. Three weeks 
after the labeled atrazine was applied to the 
soil surface, the columns were leached at 
weekly intervals for 12 weeks. Leachate was 
collected at the bottom of the columns and 
analyzed for radioactivity. After the last leach­
ing event was completed, investigators cut the 
columns into 10-cm sections and analyzed 
them for atrazine and its degradation products. 
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Objective 2 findings: Approximately 1.2% tabolites. DEHYA and DAA were detected in 
of the atrazine applied over the 12 weeks was minor quantities. Increased mineralization of 
recovered. This result corresponds to a con- DEA in the extended incubations confirmed 
centration of atrazine (plus degradation prod- the susceptibility of DEA to degradation by 
ucts) of 7.6 parts per billion. In the analysis of microbes. In complete metabolism studies 
the 10-cm sections that followed completion with HYA, the major components identified 
of the leaching event, investigators found that included HYA, soil-bound residues, and car­
77% of the labeled atrazine applied to the soil bon dioxide. DEHYA, DIHYA, and ammeline 
columns had remained in the upper 10 cm; it (didealkylhydroxyatrazine) were found in 
included primarily atrazine (9%) and soil- smaller quantities. The relatively long persis-
bound residues (57%). DEA was the predomi­ tence of HYA was observed in three of the 
nant degradation product in the top 10 cm. The topsoils. HYA persisted well in all of the 
other products found, in descending order of subsurface layer. There was no evidence of 
amount, included DIA, HYA, DAA, DEHYA, HYA forming significant amounts of bound 
and DIHYA. Atrazine, DEA, and DIA were residues. 
found at all depths. Additionally, DAA was 
detected to the 50-cm depth, HYA to the 30­ Objective 4 approach: The ISU Agronomy 
cm depth, and DEHYA to the 20-cm depth. and Agricultural Engineering Research Cen­
ter served as the site for this part of the study. 
Objective 3 approach: Investigators col- The plots studied there consisted of continu­
lected soil samples from two depths (0-30 cm ous, no-till corn. Because of atrazine's heavy 
and 66-91 cm) at five different locations in usage, moderate persistence, and mobility in 
Iowa. These sites had no previous history of soil, investigators considered monitoring of 
atrazine application. Two sets of each soil atrazine's contamination under field condi­
were treated individually with labeled DEA tions essential to fully assess its movement to 
and HYA. Investigators extracted one sample groundwater. They monitored movement of 
immediately to determine the concentration atrazine and its degradates DIA and DEA into 
applied. Two other samples were placed in shallow water in three plots. Separate tile-
bottles and moistened to field capacity; the drain lines for each plot collected water samples 
bottles were then closed tightly and incubated from five depths for this part of the study. 
at 25° C (77° F) for nine and 17 weeks. Carbon 
dioxide traps were placed in each bottle prior Sampling began in early May 1990 after plant-
to incubation and removed weekly for analy­ ing and herbicide application and continued 
sis. Chromatography and autoradiography, until late August that year. The sampling 
which detect the presence of radioactive mate- sequences originally planned were later modi-
rials, were used to characterize the products fied according to tile-flow events. As in 1990, 
present during some of their degradation in 1991 sampling was affected by lack of 
phases. As in Objective 2, unextractable soil- rainfall. Daily tile flow rate measurements 
bound residues were also quantified. were used to calculate the quantity of atrazine 
drained through the tile lines. The partially 
Objective 3 findings: The degradation of computerized analysis of the test samples was 
DEA was influenced by both soil type and soil accompanied by a quality control program to 
depth. Increased degradation of DEA was assure accuracy of the results. 
observed in Treynor soil, which was a loess 
soil with a pH of 5.6, as opposed to the other Objective 4 findings: In 1990, atrazine ranged 
four types tested. For each of the five soils from 1.3 to 5.1 micrograms per liter (|Ug/L) in 
studied, the degradation of DEA was much tile-drain water samples and from 0.5 to 20.5 
higher in the surface soil compared to the |Hg/L in lysimeter samples. In general, the 
respective subsurface layer. The major degra­ amount of atrazine was greater than DEA, 
dation products from DEA included carbon which in turn was greater than DIA. Lower 
dioxide, soil-bound residues, and polar me- levels of atrazine were measured in 1991 from 
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two of the plots; however, higher concentra- This work has revealed that with atrazine, the 
tions ofatrazine were measured from the third mineralization of the "parent" as well as its 
one. Throughout the two growing seasons, breakdown products decreases with an in-
atrazine concentration in the third plot's tile- crease in soil depth. In addition, the degrada­
drain water samples was higher than in samples tion products are also more susceptible than 
for the other two plots, suggesting that prefer- their parent chemical to breakdown by mi­
ential movement had occurred. The loss of crobes. 
atrazine residues in the tile-drain water was 
determined for both growing seasons. The These findings should influence future re-
DEA to atrazine ratios may be a valid indicator search and monitoring of groundwater quality 
of residence time in soil during transport of to focus on the pesticide degradation products 
atrazine to the aquifer. In the first two plots, in addition to the herbicides and insecticides 
DAR in tile-drain water ranged from 0.43 to themselves. For this reason, these research 
2.70 and 0.50 to 2.66 |Ug/L respectively; in the results should be useful to regulatory and 
third plot, DAR of 0.38 to 0.60 |Ug/L further research agencies. Finally, because this re-
suggested that preferential movement of atra­ search focuses on a herbicide widely used in 
zine through macropores occurred. Iowa, the results should directly interest farm­
ers as well. 
Implications The results of this research were presented in 
While much research to date on pesticides has four journal articles submitted to the Journal 
been concerned primarily with their pest con- of Environmental Toxicology and Chemistry 
trol potential, results of this study provided (2), the Journal of Environmental Safety and 
scientists with information about the ground- Health, and the Journal of Environmental 
water contamination potential ofatrazine and Quality. In addition, this work resulted in 
its degradation products. Because this study several chapters in the book Pesticide Trans-
For more information 
contact J. R. Coats, 
Entomology, Iowa State 
University, Ames, Iowa, 
50011, (515)294-4776. 
compared five different Iowa soil types, it also 
provided valuable insight into the variability 
in the fate ofatrazine transformation products 
across the state. It is important to realize that 
degradation varies with soil type. 
formation Products, Fate and Significance in 
the Environment, published by the American 
Chemical Society in 1991. 
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